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ABSTRACT 

We present a catalog of GALEX Near-UV (NUV) and Ear-UV (FUV) photometry for the Palo- 
mar/MSU and SDSS DR7 spectroscopic M dwarf catalogs. The catalog contains NUV measurements 
matched to 577 spectroscopically confirmed M dwarfs and FUV measurements matched to 150 spec¬ 
troscopically confirmed M dwarfs. Using these data, we find that NUV and FUV luminosities strongly 
correlate with Ha emission, a typical indicator of magnetic activity in M dwarfs. We also examine the 
fraction of M dwarfs with varying degrees of strong line emission at NUV wavelengths. Our results 
indicate that the frequency of M dwarf NUV emission peaks at intermediate spectral types, with at 
least ^30% of young M4-M5 dwarfs having some level of activity. For mid-type M dwarfs, we show 
that NUV emission decreases with distance from the Galactic plane, a proxy for stellar age. Our 
complete matched source catalog is available online. 

Subject headings: stars: activity — stars: late-type — stars: low-mass 


1. INTRODUCTION 

The physical processes underlying the magnetic dy¬ 
namos of low-mass stars are of great importance to a 
comprehensive understanding of the Milky Way’s stel¬ 
lar populations. In addition to being of interest to the 
understanding of stellar interiors and the creation of stel¬ 
lar magnetic fields, stellar activity has ramifications for 
the transient population of the Galaxy and the potential 
habitability of attending planets. 

Magnetic processes in low-mass dwarfs give rise to 
emission from the X-ray to the radio, but at many wave¬ 
lengths the strength and frequency of this emission is 
poorly constrained, as is its dependence on spectral type. 
Magnetic activity is best understood at optical wave¬ 
lengths, where large spect roscopic studies such as the 
Sloan Digit al Sky Survey (York et al. 2000 Abazajian 
et al.||2009| SDSS) have enabled a statistical treatment 
a 


West et al. 


of M dwarf activity, parti cularly by using Ha emission a s 
a diagnostic ~~~ 


2004 


2008 


2011 ). 


West et al. (2008) showed that activity iii the optical 


varies as a function of both spectral type and stellar age, 


tral type of M8 (Reid et al.| 

1995 

Hawley et al. 

1996 

Gizis et al.||2000 
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magnetic activity at X-ray, ultraviolet, and radio wave¬ 
lengths is not as well-determined due to the small num¬ 
bers of low-mass stars that have been observed at these 
wavelengths. However, several recent studies have exam¬ 
ined the relationships between Ha and non-optical emis- 
sion using d ata from all-sky surveys. In the X-ray, |Riaz| 
et al.| (|2006|) combined ROSAT data (|Voges et al.||i999|) 


with sources in the Two Micron All Sky Survey (2MASS; 
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Skrutskie et al. 

2006a 

) to identify nearby M dwarfs for 

spectroscopic to 

low-up in order to examine the relation- 


ship between X-ray and Ha luminosity. They found 
that X-ray luminosity “saturates” (that there is an up¬ 
per limit to the amount of qu iescent X-ray emission ) at a 
value of log(Lx/Fboi) ~ — 3. |Shkolnik et al.| (|2009|) used 
emission from ROSAT as a signature of youth to build 
a census of low-mass stars within 25 pc. They combined 
the ROSAT data with spectroscopic follow-up to identify 
spectroscopic binaries and estimate stellar ages, surface 
gravitie s, and magnetic activity. In addition, |Govey et al.| 
(2008a) used archival data from t he Extended Chandra 
] dultiwavelength Project (ChaMP; Kim et al. 2004 20071 
to identify X-ray emitting stars and calculate a linear 
relationship between the Ha and X-ray fr actional lumi¬ 
nosities in M dwarfs. Govey et al. (2008a) also observed 
a decrea se in the magnetic ac tivity with age. Because the 


work of Govey et al. 
measurements for on 


(2008a) was limited by having Ha 
y ~10U stars, further analysis is re¬ 
quired to fully constrain the relationship between X-ray 
and Ha emission in low-mass stars. 


At other wavelengths, McLean et al. (2012) used Very 
Large Array (radio wavelength) observations to derive 
a relation between radio emission and rotation for stars 


with spectral types M0-M6. Harding et al. (2013) found 
a correlation between radio emission and optical variabil- 
ity for late M and early L dwarfs, although the physical 
mechanism responsible for this phenom enon has yet to be 
determ ined. In the ultraviolet regime, [Walkowicz et ah] 
(2008) used Hubble Space Telescope (HST) data to ob- 
serve the near-ultraviolet (NUV; I750-250A) emission of 
33 M dwarfs. Gomparing NUV to optical and X-ray emis¬ 
sion, they did not hnd a universal trend between the op¬ 
tical and UV emission. However, they did identify a clear 
correlation between Mg II flux and ROSAT X-ray flux. 


France et al. (2013) also used HST to image six M dwarf 
exoplanet hosts in the UV to characterize the radiation 
field incident on the planets. They found substantial line 
variability on scales of ~I00-I000 seconds (~50-500%), 
Lya emission (^37-75% of II50-3I00A emission), and 
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hot H 2 gas of photospheric or possibly planetary origin. 

These previous studies of M dwarf emission in the UV 
were limited by small sample sizes that restricted their 
statistical significance. Howe ver, data from the Galaxy 
Evolution Exp lorer (GALEX; Martin et al.|2005 Morris¬ 


sey et al. 20071 present a unique opportunity to constrain 
the ultraviolet properties of a much larger sample of low- 
mass stars, albeit using only broad photometric filters. 
GALEX imaged ^2/3 of the sky in its NUV and far- 
ultraviolet (EUV; 1350-1750 A) bands. Although the pri¬ 
mary purpose of GALEX was to examine the UV prop¬ 
erties of extragalactic objects, several Gal actic studies 
have u sed it to measure stellar UV emission. I Welsh et al.l 
(20071 used GALEX data in order to examine the char¬ 
acteri s tics of M d warf flares at UV wavelen gths. [Shkolnil^ 
et al. (20111 and Rodriguez et al. (2011) used GALEX 
to show that ultraviolet activity is an indication of youth 
in low-mass stars and can be used to search for mem- 
bers of young moving group s in the solar neighborhood. 
Shkolnik & Barman (|2014|) expanded on this analysis, 
showing that JNU V activity as a function of age remains 
constant for stars younger than ~300 Myr, similar to 
what has be en observed for X-ray emission. |Eindeisen| 
et al. (2011) explored the use of GALEX data as a stel¬ 
lar activity indicator for a calibration sample of nearby 
stars within 50 pc. They presented preliminary relations 
between an optical Ga II activity indicator (R^k) 
the GALEX UV flux and detected evidence for a subtle 
correlation between NU V flux and stellar age across a 
variety of stellar types. Findeisen et al. (2011) did not 
investigate other optical activity tracers such as Ha or 
the fractions of UV-active stars. 

Several recent studies have also examined the GALEX 
UV properties of M dwarfs within ~50 pc of the sun. 
Stelzer et al. (2013) looked at the UV and X-ray proper- 
ties of Al dwarfs within 10 pc to find that UV chromo¬ 
spheric emission is connected to other activity indicators 
with a power-law dependence. They find the range in ac¬ 
tivity for a give n spectral type i s ^2-3 dex, whic h peaks 
in M4 dwarfs. lAnsdell et al. (2015) used the Lepine 


& Gaidos (2011D magnitude-limited catalog of J < 10 
early-type ivi dwarfs and found a correlation between 
Ha equivalent width and NUV—Ks magnitude, as well 
as an average activity level that remains constant until 
■^200 Myr and then declines, a result that ag rees with 


UV studies of y oung m oving group member s (Shkolnik 
& Barman |2014|). While |Stelzer et al.| (20131) found that 
all M dwarfs in their 10 pc sample showe d IN llV emission 


above photospheric levels, Ansdell et al. (2015) identified 
a population of M dwarfs showing only basal emission, 
the likely source of which is NUV line emission from the 
upper chromosphere present in many or all M dwarfs. 
When examining UV activity, it is likely necessary to 


19951), a local sample similar to that of Ansdell et al. 
I 2015 ), and the SDSS Data Release 7 M dwarl spectro- 
scopic sample (DR7; 


an older stellar popu 


West et al. 2011), which probes 
Using these catalogs, we 


. at ion. 

were able to measure the UV properties of 577 low- 
mass dwarfs across a wide range of distances and spectral 
types. For the first time, we have examined the fraction 
of chromospherically-emitting M dwarfs as a function of 
spectral type and age, as well as the correlation between 
fractional NUV luminosity and fractional Ha luminosity. 
These diagnostics uncover a different set of physical rela¬ 
tions than studies using R^if: Ha equivalent width, and 
mean NUV luminosity as a function of age. 

In studying the UV emission with GALEX broadband 
filters, we trace a diverse group of spectral features. Fig¬ 
ure [l] shows the moderately activ e, GALEX-de t ected , M 
dwarf spectrum of GJ 876 from France et al. (2013) to 
demonstrate the UV line emission features (tracers of 
UV activity) that fall within the GALEX NUV and FUV 
passband0 GJ 876 has GALEX NUV and FUV fluxes 
of 31.64±2.52 p,Jy and 3.44±1.14 /iJy, respectively. In 
the FUV, the continuum emission is low, and line emis¬ 
sion dominates the filter. In the NUV, the continuum 
is present, along with Fe II and Mg II features. There¬ 
fore, the GALEX NUV and FUV bands contain, and are 
often dominated by, tracers of stellar activity (emission 
lines), allowing us to expect a strong correlation between 
GALEX UV luminosities and magnetic activity tracers 
in the optical regime (§4.1). In addition, we can be confi¬ 
dent that stars with high fractional UV luminosities must 
have strong line-emission present in the GALEX bands, 
allowing us to examine how the frequency of active stars 
depends on spectral type and distance from the Galactic 
plane (a tracer of stellar age; §4.2). GJ 876 also lacks Ha 
emission or absorption, demonstrating that this moder¬ 
ate level of UV activity does not always correlate with 
optical line emission. 

We describe the GALEX data along with the PMSU 
and SDSS DR7 M dwarf catalogs in §2. We describe the 
process of matching the GALEX data to the M dwarf 
samples and our analysis in §3. We present our results 
in §4, and discuss our conclusions in §5. 

2. DATA 

The high quality photometric and spectroscopic data 
from SDSS over large solid angles have been useful for 
many large Galactic and extragalactic surveys. For low- 
mass stars, the SDSS has produced photometric and 
spectroscopic samples of more than 30 million and 70,000 
M dwarfs respectively (Bochanski et al.|2010 West et al. 


2011). Low-mass star s in SDSS have been used as tracers 
ot Galactic dynamics (Bochanski et al.|2007 2011 Fuchs 


et al. 2009) Galactic extinction (Jones et ah 2011) and 


& Barman (2014) and 

Ansdell et al. (2015) use “satura- eluding but not limited to, the stellar mass and luminos 

tion” to refer to the p 

iateau ot activity as a function of ity functions (Bochanski et al. 120101 Govev et al.|2008b 

age for young stars, in 

this work we discuss saturation in properties ot magnetic activity (West et al. 2004 

1 2008 


our most optically-active stars (e.g. Riaz et aL]|2006) 


In this study, we take an extensive look af U V ac¬ 
tivity in both nearby and more distant M dwarfs. We 
match broad band GALEX data to stars in the Palo- 


( Savcheva et al.|[2014 ). 


mar/MSU nearby star spectroscopic survey (Reid et al. 


I’o compare rnagnetic activity in the optical with UV 
activity, we matched the SDSS Data Release 7 (DR7; 

^ This work has made use of the MUSCLES M dwarf UV radi- 
ation field database. 
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GJ 876 COS + STIS Spectrum 



2000 2500 

Wavelength (A) 


Figure 1. The spectrum of G1 876 from|France et al.| (|2013||, a 
moderately UV-active M4 dwarf imaged witn ttie nubble iipace 
Telescope's Space Telescope Imaging Spectrograph (STIS) and 
Cosmic Origins Spectrograph (COS). We have over-plotted the 
GALEX NUV (red) and FUV (blue) throughput curves (with an 
arbitrary scale factor). We’ve marked some of the prominent emis¬ 
sion line features visible in the GALEX NUV and FUV bands that 
trace M dwarf UV activity (green dashed lines). The flux from 
1760 - 2100 A is absent as it is too faint to be detected by the 
STIS G230L grating. For GJ 876, the GALEX NUV and FUV 
bands measure fluxes of 31.64±2.52 pjy and 3.44±1.14 ^Jy, re¬ 
spectively. Given that GJ 876 is an M4 dwarf at a distance of 4.7 
pc, we deduced approximate fractional NUV and FUV luminosities 
of log(LNuv/iboi)~l-87xlO“® and log(LFuv/iboi)~l-59x 10“®. 


Abazajian et al.|| 2009) M dwarf spectroscopic catalog 
(West et ai. 201 1| to GALEX data from Data Releases 
6 and 7. ine SDSS spectra were observed using twin 
fiber-fed spectrographs that collected 640 simultaneous 
observations. Individual exposure times of ~15-20 min¬ 
utes were co-added for total exposure times of ^45 min¬ 
utes, producing mediu m resolution spectra with R ^ 
2000 (York et al.||2000). The DR7 M dwarf catalog con¬ 
sists ol 70,841 SDSS M dwarfs with spectral types verified 
by eye. To measure optical stellar activity, the catalog 
includes (among other quantities) fractional Ha lumi¬ 
nosities for each star in the sample and the 

magnetic (Ha) activity state of each star (with “active” 
and “inactive” flags). Distances were measured for all 
st ars using the photometr ic parallax technique des cribed 


Bochans ki et al.| (|2010| and corrected for dust (| Jones 
et ai. 2011), and have an accuracy of ^18%. These un¬ 


certainties are distance-independent, as they result from 
photometric parallaxes and are domin ated by variance in 
the M dwarf luminosity function. See West et al. (20111 
for more details on the sample selection and the value 
added quantities measured for the SDSS DR7 M dwarf 
sample. 

The SDSS sample contains a large number of M dwarfs. 
However, the closest stars, for which we have the best 
chance of observing UV emission, often saturate SDSS 
detectors. We therefore supplemented the SDSS sam¬ 
ple with the Pa lomar/MSU Nem by-Star Spectroscopic 
Survey (PMSU; |Reid et al.||1995|), which contains 1,684 
nearby low-mass stars (1,415 iVl dwarfs) as part of the 
northern sample (J > —30°) and 282 nearby low-mass 
stars (228 M dwarfs) as part of the southern sample. 
These data contain spectral types, proper motions, mag¬ 
nitudes, distances, and spectra for most of the stars in 
the sample and provide a census of young, low-mass ob¬ 


jects in the solar neighborhood. The vast majority of 
stars in the sample lie within 50 pc with a median dis¬ 
tance of ^20 pc. For active stars in the sa mple (dMe), 
photometry is given by Hawley et al. (1996). PMSU dis¬ 
tances come from a variety of sources; many were mea¬ 
sured by the Hipparchos Satellite, while others were de¬ 
rived using spectrophotometric parallax. The trigono¬ 
metric parallax-based distances in this sample have un¬ 
certainties .$5%, while the spectrophotometric parallax 
distances have uncertainties of up to 30%. 

We matched these two catalogs to the GALEX data, 
which consist mainly of two large-area surveys. The All- 
Sky Imaging Survey (AIS) has surveyed ~2/3 of the sky 
to a depth of NUV mAB 20.5 and the Medium Imaging 
Survey (MIS) has imaged ~1/10 of the sky to a depth 
of NUV mAB ~ 23. The data contain images in a near- 
UV band from ~1750-2750 A and a far-UV band from 
~1350-1750 A. More information about the GALEX data 
releases can be found in Martin et al. ( 2005| ) an d[M orris-| 
sey et al. (2007) as well as at the gALex website, part 
of the Mikulski Archive for Space Telescopes (MAST^ 

3. ANALYSIS 

To match sources in the GALEX data with the SDSS 
DR7 M dwarf sample ( W^t et al.||2011 ), we queried the 
GALEX Data Release O/lj^to identify UV sources within 
5 arcsec of the stellar positions. We found matches to 
^3,511 SDSS sources. Some SDSS stars had multiple 
GALEX counterparts; to eliminate chance alignments 
and remove multiple detections, we used the proper mo- 
tions in the DR7 M dwarf sample (Munn et al. 2004) 
to determine the position for each star on a given ob- 
servation date. Using these positions, we were able to 
eliminate most of the multiple matches, keeping only the 
UV source that was closest to the position of the DR7 M 
dwarf at the date that GALEX observed it. We removed 
all GALEX matches with the nuv.artifact flag (for NUV 
analysis) or fuv.artifact flag (for EUV analysis) greater 
than 1 and stars located more than 0.55 degrees from 
the center of the held of view, which are near the edge 
of the detector an d have less reliable photometry (Mor¬ 
rissey et al. 2007). Only DR7 stars that reported good 
photometr y (the “GOODPHOT” hag set to 1; see |West 
et al.|2011 ) and that had colors inconsistent with possible 
iVl dwarf - White dwarf binaries, were used. Stars that 
reported FUV hux but no NUV detection were removed, 
due to the fact that M dwarfs are extremely unlikely to 
have FUV emission without having corresponding emis¬ 
sion in the N UV (for example, see observed NUV and 


FUV huxes in Shkolnik et al. 


2011). We also used the 


positional errors reported by GAlEX to remove GALEX 
sources located more than 2 arcsec away from the corre¬ 
sponding SDSS M dwarf position to reduce the likelihood 
of spurious matches. 

To analyze the activity of M dwarf - White dwarf bina¬ 
ries, we also investigated whether any of the 495 possible 
pairs identihed in the full DR7 M dwarf sample could be 
found in GALEX. Possible M dwarf - White dwarf bina¬ 
ries were selected from among the visually identified M 
dwarfs in the DR7 M Dwarf sample using the color cuts 


^ http://galex.stsci.edu/. 

3 The GALEX GR6/7 
http: / / mastweb.stsci.edu/gcasjobs/ 


available 


at 
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of Smolcic et al. (2004 ). These binar i es wer e then verified 
using the method ot Morgan et al. (2012), w hich devel¬ 


oped color cuts from C4A LEX, SUSS, UKlbSS ( Lawrence 
et al. 2007), and 2MASS (Skrutskie et al. 2006b I photom¬ 


etry to reliably identify binaries. Approximately 1/5, or 
^100, of the possible WD-dM pairs could be visually 
verified as binaries and 75 of these positions had been 
observed by GALEX. Out of the 75 positions, we found 
matches for 42 of these pairs in GALEX after sample 
cuts, a much higher detected fraction (56%) than the 
fraction of SDSS M dwarfs detected overall. Increased 
activity in W D-dM pairs ha s alrea dy been observed in 
the optical by Morgan et al. (2012), who proposed that 


such an increase m activity is a result of faster stellar 
rotation arising due to possible tidal effects, angular mo¬ 
mentum exchange, or disk disruption. 

To match GALEX to the PMSU sample, we first cor¬ 
rected the PMSU positions and proper mo tions using the 
SIMBAD Astronomical Databas^and the Lepine & Gai- 


dos (2011) M dwarf catalog. SIMBAD’s astrometr y origi¬ 


nates frorn a varie ty of sources, typically 2MASS (Skrut¬ 


skie et al. 2006a) or Hippy cos (e.g. Hpg et al. 2000), 
and Lepme &: Galdos (2011) proper motions and astroni- 


etry origina te from the SUPERBLINK survey (Lepine 
et al. 2OO2I). Both are much more accurate than the 
original PMSU catalog. We queried the GALEX DR6/7 
GasJobs database to identify UV sources within 5 arc- 
sec of the position of each PMSU star in each year of 
GALEX observations (2003-2013). We kept only the 
closest GALEX match to a given star’s positions dur¬ 
ing the years those positions were observed by GALEX. 
We removed GALEX matches with the nuv.artifact flag 
(for NUV analysis) or fuv.artifact flag (for FUV anal¬ 
ysis) greater than 1 and stars located more than 0.55 
deg from the center of the field of view. Although most 
PMSU positions and proper motions are accurate, ~20% 
of our sample had somewhat uncertain proper motions. 
In spite of this, the positional uncertainties are typically 
accurate, allowing us to apply the same 2 arcsec angular 
separation cut that we used for SDSS M dwarfs. 

Using the DR7 and PMSU spectra, we derived several 
stellar properties that were useful to quantify the UV ac¬ 
tivity. First, we used a second-order polynomial relation 
to determine the absolute bolometric magnitude of our 
M dwarfs as a function of spectral type, which we then 
converted to stellar luminosity. This relation was cre¬ 
ated by fitt ing to the 8-parsec stellar sample of |Reid fc] 
Gizis (1997). Although most of the stars in this sample 
are inactive, and active stars may have higher bolomet¬ 
ric luminosities, our derived values are ^35% lowe r than 
those found for the inactive early-type dwarfs in |Mann 
et al.| (|2013 |) and agree well with the values of IDieterich 


et al. T dMif for late-type dwarfs. We next calculated the 


LLq luminos i ty of t he DR7 and PMSU samples following 
West et al. (2011), which integrates over a line region 
of width 8A, and s ubtracts a the nea rby continuum (see 
Table 1 and §2.2 in West et al.||2011 ). 

We used the stellar distances and GALEX bandpass 
data to convert the GALEX NUV and FUV fluxes, mea¬ 
sured in /rjy, to luminosities in erg s“^. Once the Ha, 
NUV, and FUV luminosities were measured, we divided 
these quantities by each star’s bolometric luminosity in 

http://simbad.u-strasbg.fr/simbad/ 


order to find the fractional luminosities emitted by each 
of these three components. 

3.1. Removing Contaminating Sources 

There are a variety of possible contaminants of our M 
dwarf sample. The most likely source is contaminating 
background sources, as well as blended sources due to 
the ^5.5 arcsec GALEX PSF. Another possible contam¬ 
inants is unresolved binaries (such as M dwarf - White 
dwarf binaries). 

In the SDSS sample, most close binary sources have 
been discovered and removed from the sample via visual 
spectral classification. Additionally, possible M dwarf - 
White dwarf binaries were removed via the method of 


Morgan et al. (2012), as discussed above. In PMSU, we 
flagged all stars with known nearby sources using Digi- 
tized Sky Survey Images in conjunction with SExtractor 
( Bertin &: Arnou^|1996 ) to identify nearby companions 
in the images and remove those stars from our sample. 
Second, we queried SIMBAD for known binary compan¬ 
ions in the literature and removed these from our sam¬ 
ple. In total, only 4 DSS sources had companions within 
5.5 arcsec, but 57 of our previously-identified M dwarf 
matches had companions in the literature. 

We then estimated the probability of false matches 
(contaminating background sources) for both samples by 
querying GALEX for a series of false object positions 
within a few arcminutes of the true positions such that 
our false positions would likely have been observed with 
the same exposure times as the true positions. For both 
surveys, we found a ^0.5% chance of detecting a source 
for a given random position. In PMSU, this is only a 
minor concern; because over 25% of PMSU stars are de¬ 
tected in GALEX, the false positive fraction is <2% for 
the sample. For active (dMe) stars, the detection rate is 
higher, and the false positive fraction is correspondingly 
lower. 

For SDSS, contaminating background sources are much 
more of a concern. Because we initially detected ~1,000 
sources that passed all cuts out of our 70,000 initial po¬ 
sitions, up to 30% of our matched sample could be false 
positives. Although we were unable to completely al¬ 
leviate this concern, we were helped by the fact that 
the vast majority of contaminating background sources 
should be detected in SDSS. We therefore removed all 
stars from our sample that had SDSS-detected sources 
within 5.5 arcsec (^1 PSF FWHM). Our random source 
list detected 376 random NUV matches within 1000 pc 
that passed all our cuts and when we removed all known 
SDSS sources, just 170 matches remained. Finally, when 
we limited our results to 3cr detections to remove noise 
fluctuation (we removed <3a detections from PMSU 
matches as well), 26 were left (compared to 186 stars in 
the full sample). We found 146 spurious FUV matches, 
and all were removed when we removed all known SDSS 
sources. For the NUV, our estimated contamination is 
6 % for Ha-active stars and 14% for Ha inactive stars. 

After performing these steps, we believe that the corre¬ 
lations discussed in this paper are robust, but note that 
the measured fraction of emitting stars is somewhat bi¬ 
ased towards non-detections due to the 3cr flux threshold 
and strict 2 arcsec matching radius, which is within the 
2cr positional uncertainty for some GALEX sources. Ta¬ 
ble lists each cut we made on our sample, and the 
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Table 1 

M dwarf samples after selection cuts. 


Number of GALEX-matched M dwarfs 

PMSU NUV PMSU FUV SDSS NUV SDSS FUV 

Total Unique Matches 

877 

265 

3511 

968 

— FOV radius > 0.55 

91 

16 

501 

108 

— artifact flag > 1 

159 

28 

451 

191 

- FUV without NUV 


11 


205 

— Suspect SDSS photometry 



207 

32 

— MD-WD binary 



146 

74 

— >2 arcsec from survey position 

99 

26 

1525 

198 

— <3cr detection 

80 

56 

339 

37 

— Binary/nearby source in the literature 

77 

35 



— non-M dwarf source within 5.5 arcsec 

0 

0 

156 

66 

Final Sample 

371 

93 

186 

57 


number of sources each step removed. Our final catalog 
had 186 NUV-matched DR7 sources, 57 FUV-matched 
DR7 sources, 371 NUV-matched PMSU sources, and 93 
FUV-matched PMSU sources. 

3.2. Examining the Changing Fractions of UV-Emitting 

M Dwarfs 

We examined the fractions of UV-emitting M dwarfs 
by determining the fraction of stars in our sample that 
showed NUV or FUV emission above specific threshold 
fractional luminosities. Any UV emission greater than 
the expected continuum emission should be due to line 
emission, and therefore magnetic activity. In §4, we ex¬ 
amine three different thresholds of UV emission that span 
the range of line emission levels for which there are non¬ 
zero fractions of stars both above and below the thresh¬ 
old, and which are not so faint that the GALEX emission 
is likely coming from the UV continuum. The choice of 
which thresholds of UV emission to use is necessarily 
semi-arbitrary, as broad band photometry cannot pre¬ 
cisely detect the presence or absence of emission lines, 
particularly for the stars in our sample with large dis¬ 
tance uncertainties. 

For a statistical understanding of the role that mag¬ 
netic activity plays in M dwarfs, the quiescent, unde¬ 
tectable stars are as important as the active ones. To 
determine the emitting fractions of M dwarfs, we first 
assessed the sensitivities of the different GALEX data 
products, which have different exposure times and mag¬ 
nitude limits. We made certain that a given star was 
not detected merely because the exposure time was not 
long enough. To measure whether a star with a cer¬ 
tain UV luminosity could be detected, we identified the 
minimum observable UV fluxes of each field in which 
a M dwarf was located. We first queried CasJobs to 
determine whether the positions had been observed by 
GALEX. Out of 70,841 DR7 stars, only 8,022 had posi¬ 
tions that had not been observed by GALEX, while 20% 
(^395 stars) of the PMSU sample had not been observed. 
For the positions that had been observed (detections and 
non-detections), we estimated the detection threshold as 
the flux uncertainty of the faintest neighboring source 
within 2 arcminutes. Figure shows the distribution of 
the minimum detectable NUVnuxes for the DR7 sample, 
which has two notable peaks. The larger minimum fluxes 



-15.2 -15.0 -14.8 -14.6 -14.4 -14.2 -14.0 -13.8 -13.6 

log(Minimum Detectable NUV Flux) 


Figure 2. The distribution of minimum NUV fluxes in log(erg 
s~^ cm~^) detectable by GALEX for all of the positions in the 
DR7 M dwarf sample. The two peaks correspond to the different 
depths of the All-Sky Imaging Survey (AIS; NUV limiting magni¬ 
tude rriAB ~ 20.5) and the Medium Imaging Survey (MIS; NUV 
limiting magnitude ttlab ~ 23). The Deep Imaging Survey (DIS) 
and guest observer programs make up the broader green histogram. 
Histograms of the DR7 sample in the FUV and of the PMSU sam¬ 
ple in both the NUV and FUV show a similar bimodal appearance. 


are generally sources observed in the All-Sky Imaging 
Survey (AIS), while the smaller minimum fluxes are gen¬ 
erally observed with the Medium Imaging Survey (MIS) 
or another smaller-area GALEX survey. 

Eor some stars, the NUV stellar continua should be 
detectable. An MO dwarf at 10 pc, for example, will 
have a GALEX NUV continuum flux of approximately 
4 X iQis gj-g. g-i based on an average temperature of 


3,800 K (Reid & Hawley 


2005), which could be detected 


in some of our deepest fields. The PMSU sample has 
57 M0-M2 dwarfs within 10 pc, so we expect a handful 
of GALEX-detected dwarfs that don’t have significant 
NUV activity. When examining the fraction of M dwarfs 
with line emission, using broadband photometry alone, 
we must be sure to avoid stars such as these. 

The sensitivity of GALEX allows us to examine the 
fraction of M dwarfs with LNUv/Aboi > 10“^, > 5x10“^, 
and > 10“^. Higher NUV luminosity limits would elim¬ 
inate the majority of M dwarfs from the sample, and 
lower luminosity limits begin to observe the M dwarf 
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Figure 3. CNUv/Cbol 3-s a, function of Rn — In color for the Ho-active DR7 (top) and dMe PMSU (bottom) M dwarfs detected in both 
the NUV and FUV with GALEX. We labeled the median — R color for various spectral types along the upper axes. The DR7 sample is 
separated into stars with Cpuy/f^bol > 10“'^ (red diamonds), stars with Cpuv/f^bol < 10“'^ (green stars), and likely M dwarf- White dwarf 
binaries (blue triangles). The PMSU sample is divided into stars with Tpuv/f'bol > 10“^ (red diamonds), stars with Cpuv/f^bol < 10“^ 
(green stars). As expected, there is a pronounced separation in NUV luminosity between stars with low FUV activity and stars with 
high FUV activity. M dwarf - White dwarf binaries appear much more UV emission, on average, than other stars. We’ ve indicated the 
approx imate M dwarf NUV blackbody continuum luminosities for these colors based on the M dwarf temperatures given in |Reid &: Hawl^ 
l|2005|l and the average colors of M0-M9 dwarfs in the DR7 and PMSU samples. Some stars could have only continuum ernission, but this 
is impossible to verify with these data due to stellar distance and temperature uncertainties. 


NUV continuum. We used the GALEX detection thresh¬ 
olds in each field to determine which M dwarfs were de¬ 
tectable at each UV emission level in conjunction with 
a Monte Carlo sampling of the NUV fractional luminos¬ 
ity uncertainties, which contribute to uncertainty in both 
the emission and the emitting thresho ld of a given star. 
We subtracted the|Ansdell et al.|(|2015D basal NUV emis¬ 
sion from our detections and minimum thresholds. 

In addition to these criteria, positions that were 0.55 
degrees or more from the center of the GALEX field of 
view or positions for which the closest match reported 
an nuv_artifact flag (for NUV analysis) or fuv.artifact 
flag (for FUV analysis) greater than one were not used, 
in agreement with the criteria we set above for reliable 
GALEX detections. We also excluded positions whose 
nearest neighbor was > 0.55 degrees or more from the 
center of the GALEX field of view, due to the fact that 


the reported photometry of these neighbors could be er¬ 
roneous. This slightly biases the measured activity frac¬ 
tions (tending to raise them), due to the fact that this 
quality cut was applied exclusively to non-detections, but 
because essentially every position within 0.55 degrees of 
field center had a neighbor within 0.55 degrees of the 
field center (~99%), the effect is likely negligible. In 
our matched source catalog, we include GALEX mea¬ 
surements for stars that don’t meet any of the fractional 
luminosity thresholds discussed above. 

4. RESULTS 

Our final matched sample consists of 186 NUV- 
matched and 57 FUV-matched DR7 M dwarfs and 371 
NUV-matched and 93 FUV-matched PMSU M dwarfs. 
Tables [2] and |3] contain the first ten rows of our matched 
DR7 and PMSU samples, respectively, and include ob- 
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Figure 4. The fractional NUV luminosity, log(LNuv/Tboi)> of 
DR7 (left) and PMSU (right) M dwarfs detected in GALEX as a 
function of distance. We show both individual stars and median 
bins. A selection effect is likely responsible for the upward trend 
in the DR7 data. PMSU M dwarfs appear to have similar NUV 
luminosities at a variety of distances, signifying that there is a 
reduced or negligible selection effect for nearby stars. Blue curves 
show bootstrapped 95% confidence intervals from non-parametric 
spatial averaging with a black line indicating the mean. 


ject IDs, positions, spectral types, and NUV, FUV and 
Ha fractional luminosities for the M dwarfs in our sam¬ 
ples. The full catalogs can be found onlinB 
Figure shows Ha-emitting, GALEICdetected M 
dwarfs in our matched source catalog, with TNUv/Aboi as 
a function of Rc — Ic color for the DR7 M dwarfs (top) 
and the PMSU sample (bottom). For the SDSS stars, 
we conver ted r — i to R — I color using the empirical re¬ 
lations of Jordi et al. (2006). We computed the median 
R — I color for each spectral type and labeled these along 
the top axis. Note that spectral types M7-M9 are red¬ 
der than the limit of the x axis; only a handful of active 
stars with spectral types of M7 and later were matched 
to GALEX due to the lower luminosities of these stars in 
SDSS and the small number of late-type M dwarfs con¬ 
tained in PMSU. We distinguished between stars with 
high FUV activity (red diamonds) and low FUV activ¬ 
ity (green stars). As expected, stars with greater FUV 
activity had significantly greater NUV activity (NUV 
flux/FUV flux correlation coefficients for the PMSU and 
DR7 samples are 0.977 and 0.998, respectively). Stars 
with undetected FUV activity (omitted for visual clar¬ 
ity) appear to be spread throughout the sample, likely 
due to the greater difficulty of M dwarf FUV detections 
for more distant stars and the 2009 malfunction of the 
FUV detector. We also found that the stars in the DR7 


sample flaggec 

as M dwarf - White dwarf binaries (from 

Morgan et al. 

2012 blue triangles) tended to be signifi- 

cantlv more JN U V-iuminous on average than other stars. 

Shkolnik et al. 

(2011 

their Figure 3) find similar results 


detected in GALEX. The dashed line in hlgurej^shows 
the approximate NUV blackbody continuum emission for 
these stars as a function of color, bas ed on M dwarf tem¬ 
peratures from Reid & Hawley (2005) and the typical col¬ 
ors for M dwarfs in the UR7 and PMSU samples. Some 


® http://www.pha.jhu.edu/~djones/GALEX.html 


stars appear to emit less than the approximate NUV con¬ 
tinuum, but this is likely due to our uncertainties. For 
these stars, we may have detected only the UV contin¬ 
uum, but stellar distance and temperature uncertainties 
make this impossible to determine with these data. 

We caution that distance has a significant effect on 
our sample. Because stars at greater distances become 
increasingly difficult to detect, we found that the NUV 
luminosities became increasingly larger as the distances 
increased. This is opposite of the expected effect for an 
unbiased sample, which would tend to probe older pop¬ 
ulations and potentially less magnetically active stars at 
greater distances, as these stars would tend to lie farther 
from the Galactic plane (because most SDSS sight-lines 
are near the north Galactic cap). 

Figure shows the dependence of the observed 
Lnuv /Lhoi for both DR7 and PMSU M dwarfs as a func¬ 
tion of distance. In this and future figures we used the 
median LNUv/-^boi values for the stars as the central 
value in each distance bin and we measured errors using 
the dispersion around the median value divided by the 
square root of the number of stars in each bin. We also 
show a non-parametric regression using spatial averag¬ 
ing, with 95% confidence intervals from bootstrap resam¬ 
pling. We found that both the NUV and FUV fractional 
luminosities for the DR7 sample increased with distance, 
indicating the presence of a selection effect (intrinsically 
brighter objects are easier to see at large distances). This 
indicated that most of the DR7 stars detected in GALEX 
needed to not be only active, but highly active to be de¬ 
tected. However, PMSU stars show no significant trend 
with distance due to the small range of distances probed 
by the sample. Regardless, we were able to examine the 
relationship between UV and Ha fractional luminosities, 
with the caveat that the DR7 data (and the PMSU data 
to a lesser extent) could only be used to probe the highly 
UV-luminous part of the relation. Throughout this sec¬ 
tion, we have verified that our results are consistent using 
a variety of distance limits to ensure that our results were 
not affected by spurious matches beyond several hundred 
parsec (we nominally restrict our sample to <1000 pc). 


4.1. Correlating Optical and UV Activity 

Aside from creating a catalog of M dwarfs with UV 
emission, one of the principal goals of this study was to 
better understand how optical activity, traced by Ha, 
correlates with NUV and FUV activity. To investigate 
this correlation, we compared the NUV and FUV emis¬ 
sion with the H g flux in stars with Ha emission. lAns-l 
dell et al. (2015) discovered a strong correlation between 
M U V lurninosity and Ha equivalent width for M0-M3 
dwarfs. Our results include later spectral types but are 
qualitatively similar, with the caveat that we use Ha frac¬ 
tional luminosity to probe this relation, a quantity less 
dependent on s pectral type or colo r than Ha equivalent 
width (used in Ansdell et al. 2015). We subtra cted the 
expec t ed ba. sal chromospheric emission following Ansdell| 
et al. (|2015 ) to remove the approximate contribution of 
chrornospheric emission lines to the UV flux. For most 
stars in our sample, this basal emission is well below the 
detection threshold. 

Figure shows a strong correlation between NUV and 
FUV luminosities and the Ha luminosities of the PMSU 
sample. However, we do not see a correlation with DR7 
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Figure 5. The fractional NUV luminosity (left; log(LNuv/Tboi)) 
and FUV luminosity (right; log(LFuv/t^bol)) plotted against the 
fractional Ha luminosity, Log(LHa/tjbol)i for stars in the PMSU 
sample (individual stars and median bins). There is a clear trend 
on the left, indicating that NUV emission is a good indicator of 
overall stellar activity. A trend in the FUV also exists {2.2a signif¬ 
icance), although less FUV data exist for the PMSU sample. We 
show the best-fit lines to the data, as well as a non-parametric spa¬ 
tial averaging with 95% confidence intervals from bootstrapping 
(blue curves, with the mean in black). The best-fit dashed line to 
the NUV-Ho relation is given by equation 1. 

stars, likely because the close proximity of PMSU stars 
enable intrinsically fainter UV detections; the minimum 
detected UV flux is 1-2 orders of magnitude lower for 
the PMSU sample than for the DR7 stars, demonstrating 
that when we examine SDSS data, only the most active 
stars can be detected. The PMSU sample shows a strong 
correlation between NUV and Ha (Figure left panel) 
that is independent of spectral type (although the PMSU 
sample is largely composed of spectral types M3 and M4). 
This correlation is expected, as it is thought that both 
UV and Ha emission are good indicators of overall stellar 
activity. The best fit line of the PMSU NUV to Ha 
luminosity relation is: 

log(LNUv/Ubol) = 0.67 X log(LHa/Tbol) — 0.85, (1) 

where the formal l-cr uncertainties in the slope and Y- 
intercept are 0.12 and 0.57, respectively. 

The right panel in Figure shows the correlation be¬ 
tween PMSU FUV and Ha luminosities, which is less 
strong than the NUV-Ha correlation but still indicates 
a trend (2.2cr significance). 

The smallest DR7 NUV luminosities measured are 1- 
2 orders of magnitude higher than the smallest PMSU 
luminosities, due to the smaller distances of the PMSU 
stars. Additionally, we observed no correlation between 
DR7 UV data and Ha emission. This may indicate an 
upper bound to the amount of quiescent NUV emission 
that occurs in very active stars, which we will refer to 
as “saturation”. We separated the DR7 sample into 
groups of similar spectral types to see if our null result 
was caused by the grouping of spectral types, but found 
no correlations, even for late spectral types (^M6—M9), 
which can be observed at smaller distances without sat¬ 
urating the SDSS detectors and may be able to probe 
lower activity levels. Figure]^ shows the null correlation 


Figure 6. The fractional NUV luminosity, logfL^uv/Tboi), plot¬ 
ted against the fractional Ho luminosity, logfLHn/i'boOi for stars 
in the DR7 M dwarf sample (individual stars and median bins). 
There is a low-significance trend for stars with minimum detectable 
fractional luminosities >-4.0 dex (right), with a positive slope at 
~1(T significance. The full sample (left) is largely flat, likely due 
to the highly active stars with possibly “saturated” NUV emis¬ 
sion levels. The non-parametric spatial averaging (95% confidence 
region in blue with the mean in black) also shows no significant 
trend. 

of Ha with NUV luminosity for all DR7 spectral types 
(left). The DR7 data also predict lower Ha luminosities 
for a given NUV luminosity than is seen in the PMSU 
sample. Again, this is likely the result of the distance- 
based selection effect; Ha activity is relatively easy to 
measure throughout the sample, but at large distances 
only extremely NUV-active stars can be found. 

If we restrict our sample to low NUV detection thresh¬ 
olds (Figure right panel), there are ~1(T hints of a 
trend, showing consistency with our PMSU results. How¬ 
ever, the saturated M dwarfs at log(L]\juY/Lp,Qj) > -3.0 
cannot be explained entirely by our 14% fraction of spu¬ 
rious DR7 matches or a distance bias, and likely result 
from saturation. In DR7 it is not possible to draw con¬ 
clusions with the FUV data due to the small number of 
stars with measurable FUV flux. 

We further demonstrate the high-luminosity behavior 
of NUV emission by combining the PMSU and DR7 sam¬ 
ples for spectral types M3-M4, the most common spectral 
types in the combined sample, to create a single NUV 
- Ha relation (Figure [^. The low end of NUV activ¬ 
ity consists of PMSU stars, while the high end consists 
mainly of DR7 stars, of which only the most active can be 
observed. We over-plotted the best-fit line from PMSU 
data. The slope of the NUV-Ha relation shown here is 
consistent with the data, but tends to under-predict the 
high NUV luminosities, perhaps due to distance selection 
effects or NUV saturation. The non-parametric regres¬ 
sion is consistently above the median bins due to the 
effect of highly-active DR7 stars. 

4.2. The Fraction of NUV-Emitting M Dwarfs 

Figure shows the fraction of DR7 stars (left) and 
PMSU stars (right) emitting certain percentages of their 
luminosity in the NUV as a function of spectral type. 
These trends are meant to probe UV magnetic activity, 
with the caveat that while these measurements are in- 
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Figure 7. The relation between fractional NUV luminosity and 
fractional Ha luminosity for M3 and M4 stars (individual DR7 and 
PMSU stars and median bins), the most common spectral types, in 
the combined DR7 and PMSU samples. At low NUV luminosities 
only the nearby PMSU sample can be observed, whereas at higher 
luminosities the highly active DR7 stars are observable. The best- 
fit (dashed) line from the PMSU sample is over-plotted. The non- 
parametric spatial averaging curve (blue; 95% confidence with the 
mean in black) is above the median bins due to the large number of 
high-luminosity DR7 dwarfs. Although Kendall’s r is negative, the 
median trend appears robust as it is less affected by high-luminosity 
DR7 dwarfs. 


dicative of UV activity, we are unable to directly examine 
if emission lines were present. We show three different 
UNUv/Uboi thresholds to show that, although the data 
are somewhat correlated across different threshold levels, 
the general trends are independent of the specific NUV 
emission “cut-off” levels that we choose. These values 
span the range of useful probes of NUV magnetic ac¬ 
tivity; if we examine stars with UNUv/Uboi below 10“^, 
it becomes clear that we are observing the stellar con¬ 
tinuum in early-type dwarfs, as these suddenly have a 
large NUV-detected fraction while mid- and late-type 
dwarfs stay the same. If we examine only stars with 
-^NUvZ-^boi > 10“^, there are so few stars with this level 
of UV emission that we cannot effectively probe the re¬ 
lationship of spectral type to line emission. Our error 
bars are computed using binomial statistics. The shaded 
regions add binomial statistics in quadrature to errors 
estimated from Monte Carlo sampling of the Lnuv /Uboi 
uncertainties. 

Figure is noisy, but both data sets show that the 
fractions ot emitting M dwarfs appear to reach a maxi¬ 
mum at mid or later spectral types, similar to the trend 
in Ha activity, which is maximized at a spectral type 
of M8 (West et al. 20041. The emitting fractions show 


a significant bump between spectral types M3 an d M4, 
where M dw arfs begin to become fully convective (West 
mirroring the increase in 


et al. 


Ha activity at 
We have excluded PMSU M7-M9 dwarfs 


2008), 
these types. 

due to lack of data, and have little data with which to 
draw conclusions for M5 and M6 dwarfs. For early- to 
mid-spectral types, the NUV-emitting fractions for DR7 
stars follow the same general trend as PMSU stars, peak¬ 
ing in M4-M6 dwarfs. The data are consistent with the 
Ha peak in active fraction, but the uncertainties are too 
large for late spectral types to determine the most ac¬ 
tive types. The lowest threshold shows that ~30-40% of 
mid-type M dwarfs have some level of detectable NUV 
activity. The true fraction of NUV-active M dwarfs is 
likely higher, as even our lowest threshold is above the 
NUV-emitting level of some moderately active M dwarfs 
such as GJ 876 (Figure UNUv/Uboi = 1-9 x 10“^) 


and our strict selection cuts remove some matches. We 
examined the FUV-emitting fractions as a function of 
spectral type, but found that the small samples and re¬ 
sulting error bars were too large to draw any significant 
conclusions. 

We examined the dependence of these NUV-emitting 
fractions on distance for the most active DR7 spectral 
types, M3-M7 (Figure]^, the spectral types for which we 
have a significant sarnie. We combined multiple spec¬ 
tral types to increase our statistics. Figure P shows a 
decrease in NUV-emitting fraction with absolute verti¬ 
cal distance from the Galactic plane for the higher two 
thresholds, although the evidence is marginal for early- 
type stars likely due to their lower active fraction overall. 
Due to dynamical heating, stars gravitationally scatter as 
they move through the Galaxy and th us, older stars are 


prefe rentially farther from the plane (West et al. 2006 
20081. A typical decrease in Ha activity tor the same 
distance fro m the Galactic plane is a factor of 2-4 (West 
et al. 2008); for M5-M7 dwarfs, the high level of UV 
activity examined in this figure (green triangles/blue cir¬ 
cles) falls off at a similar rate. Thi s figure also confirms 


the results of|Shkolnik et al.| (|2011|), who found that UV 
stellar activity tends to be an indication of youth. 

5. CONCLUSIONS 

We investigated the NUV and FUV emission of low- 
mass stars by identifying 186 NUV and 57 FUV matches 
between GALEX and the DR7 M dwarf sample and 371 
NUV and 93 FUV matches between GALEX and the 
PMSU M dwarf sample. We found evidence for clear 
correlations between optical (Ha), NUV, and FUV emis¬ 
sion strength in the PMSU M dwarf sample. For PMSU, 
we found that the relation between the logarithm of the 
NUV and Ha fractional luminosities is well fit by a line 
of slope ~0.6. The DR7 sample demonstrates that there 
may be evidence that highly NUV-active stars reach 
a “saturation” point where increased activity at other 
wavelengths does not correspond to a large increase in 
NUV luminosity, but further work is needed to verify 
this. 

By examining the NUV-emitting fractions of these M 
dwarfs (above three semi-arbitrary thresholds), we found 
the fractions peak at mid spectral types, with at least 
^30-40% of young M dwarfs having some level of activ¬ 
ity. For the most active spectral types in the DR7 sam¬ 
ple (M5-M7), we determined that NUV emission is also 
a function of stellar age due to the fact that it falls off 
signihcantly with increasing distance from the Galactic 
plane. This result agrees with previous studies of activ¬ 
ity in Ha and other wavelength regimes, and is another 
indication of the effect of stellar age, the strong correla¬ 
tion between activity at various wavelengths across the 
stellar spectrum, and a confirmation of the conclusion of 


Shkolnik et al. (2011) that young low-mass stars tend to 
be active in the ultraviolet. 

Our results indicate that NUV and Ha activity in M 
dwarfs are strongly correlated and exhibit many of the 
same characteristics. In the absence of UV spectra for 
a large sample of M dwarfs, these relations can be used 
to constrain stellar atmosphere models and the UV ra- 


et al. 

[2015 

dwar 

Es are 


Rugheimer 


et al.|2015). Larger UV samples of mid- and late-type iVl 


dwarfs are needed to characterize the UV-active fraction 









































10 


Jones & West 



PMSU M Dwarfs 



Spectral Type 


MO Ml M2 M3 M4 M5 M6 
Spectral Type 


Figure 8. The fraction of DR7 and PMSU M dwarfs emitting certain fractions of their luminosity in the NUV as a function of spectral 
type. We demonstrate the robustness of this relation by showing the fraction of stars emitting TNUv/Tbol > 10“^ (red stars), > 5 X 10“^ 
(green triangles), or 10“^ (blue circles). Although the emitting fraction is predictably lower for higher NUV minimum luminosities, and 
the data are correlated across different threshold levels, the fractions universal increase until spectral types ~M4-M6, and the bump at 
mid-spectral types is consistent with the onset of fully convective stellar interiors in late-type stars. At later spectral types, the emitting 
fractions may decrease, but this is a low-significance trend that requires a much lar ger data set. The increase to later spectral types could 
be similar to the Ha active fraction, which is a maximum at a spectral type of M8 (|West et al.|2004j. The maximum NUV-active fraction 
is ~0.3 for both DR7 and PMSU M dwarfs. Error bars are computed using binomial statistics) and shaded regions are binomial statistics 
added in quadrature to uncertainties estimated from Monte Carlo sampling of the TNUv/Tbol uncertainties. Our results from Monte Carlo 
sampling tend to lie lower than the data for DR7, due to the ~18% distance uncertainty associated with a given emission threshold. 



Absolute Distance from the Plane (pc) Absolute Distance from the Plane (pc) 

Figure 9. The fraction of DR7 M dwarfs emitting certain frac¬ 
tions of their luminosity in the NUV as a function of absolute ver¬ 
tical height above the Galactic plane for two subsets of the most 
active spectral types (M2 - M4 and M5 - M7). We show three dif¬ 
ferent NUV emission thresholds: TNUv/Tbol > 10“^ (red circles), 
> 5 X 10““^ (green stars), or > 10“® (blue triangles). For late-type 
stars, the data show that the NUV-emitting fractions fall by a fac¬ 
tor of 2-4 as distance from the plane increases; for early type stars, 
we see some evidence for a decrease but our data are noisier likely 
due to the lower average activity of these stars. This behavior is 
roughly consistent with that of H« activity, which is also shown to 
decrease by a fa ctor of ~2-4 over distances of 0 to 200 pc from the 
Galactic Plane ||West et al.|2008||. Too little data are available to 
investigate how N U V emission in individual or less active spectral 
types changes with age. 

and the UV age-activity relation before UV radiation 
can be characterized as a function of stellar age for these 
stars. 

We are providing our full cross matched catalog to the 


Astronomical community for future use at http://www. 
pha.jhu.edu/-djones/GALEX.html, Future studies will 
be able to use these relations and data in order to gain a 
more comprehensive understanding of the stellar physics 
of low-mass stars and the potential habitability of their 
attending exoplanets. 
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